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ENVIRONMFNTAL CHARACTERISTICS, COMPANY PERFORMANCE,-10
AND CHIEF EXECUTIVE SCANNING: AN EMPIRICAL STUDY

Abstract

Chief executives in fifty manufacturing companies were interviewed about

the perceived strategic uncertainty in six environmental sectors, and the

frequency and mode of scanning used for each sector. The findings suggest

customer, economic, and competitor sectors generated greater strategic

uncertainty than technological, regulatory, and socio-cultural sectors. When

sector uncertainty was high, executives reported greater frequency of scanning -.

and greater use of personal information sources. Chief executives in high

performing companies scanned more frequently and more broadly in response to

strategic uncertainty than their counterparts in low performing compantes.
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ENV IRONMENTAL CHARACTERISTICS, COMPANY PERFORMANCE,
AND CHIEF EXECUTIVE SCANNING: AN EMPIRICAL STUDY

% Environments create both problems and opportunities for organizations.

Organizations depend on the environment for scarce and valued resources, and

organizations often must cope with unstable, unpredictable external events.

The environment, perhaps more than any other factor, affects organizatlonal

structure, internal processes, and managerial decision making (Duncan, 1972;

Ptetfer and Salanclk, 1978). A body of research has found that strategy,

planning, coordination, structural complexity, and organic versus mechanistic

work processes tend to "fit" environmental characteristics (Tung, 1979;

lawrence and Lorsch, 1967; Burns and Stalker, 1961; Lindsay and Rue, 1980;

Javidan, 1984).

From an Information processing perspective, the environment is important

because it creates uncertainty for managers, especially top managers.

l'1nv ironmental uncertainty increases information processing within

organ izations because managers must detect and interpret events, and implemvit

strategic or structural adaptations (Hambrick, 1982; Cu] nan, 1981; Tushman,

,°1977; Jemison, 1984; Galbraith, 1973). One means of competing is for firms to

.C*iAs1, I ,i supe for inlormation about the environment. An Inlormotton ,3,l,,.itra;e

depends on th' perception of signals that other organi zat ions miss (DlutLoll and

Freedman, 1984).

Despite research on environmental uncertainty, the question rem;ins, how

do senior managers learn about the environment? Environmental scanning is the

m(,ans through which top managers perceive external events and rends

(Hlambrlck, 1982; Cunnan, 1983). Scanning represents a difficult ,

o0'gIl lizt i nu I prnbl em becautse the environment is v,;t aud complex, ind

. mar1tiagets expetrience bounded rationality--they can't comprehensively till(,, r's ta.nldl

-'- - -' " -' " .. ... 2 - - m -& " ' " -" " - "- " " "m 
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tile environment (Cyert and March, 1963). Senior managers must find scanning

mechanisms that yield adequate information displayti of external events. Whil e P -

r.q.

a number of studies have explored the fit between organization and

environment, there is Loss knowledge about how impressions of the env i ronmen t 

are formed among top managers who are responsible for responding with new

stritegies and structures. The purpose of this paper is to introduce evidence-

about the perceived uncertainty of external sectors, the means through which

chief executives of manufacturing firms acquire information about these

sectors, and chief executives' scanning patterns in high and low performing

companies.

The potential significance of this research is based on four assumptions."

First, scanning is the first link in the chain of perceptions and actions that

permit an organization to adapt to its environment (Hamhrick, 1981). Scanning

provides the external intelligence that is used in planning, decision making

and strategy formulation (Ansoff, 1979; Rhyne, Hofer and Schendel, 1978;

Rhyne , 1985; Miles, 1982; Meyer, 1979).

Scond, chief extecutives are responsible for the organlzation/environment

alignment. Of course, chief executives do not do all scanning (Hambrick,

1979; Ag4uilar, 1967; Kefalas and Schoderbek, 1973), but they are responsible

It)[ hr ing Ilg togetiher spe cialized information from varlous fuinet tons andl

lev. Ils. Coalignment between strategy, structure, and environment is performed

,it the institutio1nl level (Ritvo, Salipante, and Notz, 1979).

Third, senior managers have limited time and capacity yet they must

choose among scanning alternatives. Executives may scan broadly across the

g n. Ir.l environmenr or focus narrowly on sectors in the task environment.

Organizations may attain a strategic information advantage or disadvantage

dvwpinditig on how sc, 11t nn g is conducted (Rhyne, 1985; lHambrtck, 1982).

, , - a -2
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Identifying executive scanning patterns in high and low performing companies 9,'

may provide insight into effective scanning processes.

Fourth, there is a continuing puzzlement. about formal versus informnl,

scanning in organizations. A complex environment would seem to call for the

increased use of sophisticated scanning systems. Executives have access to

various media, yet most information at top levels is gained through ad hoc,

human sources (tre hle, 1978; Thomas, 1980; Hambrick, 1982; Mintzherg, 191*1 

Ket'alas and Schoderbek, 1973) Executives may talk to a peer In anoth,'r

company, call. an immediate subordinate, or read an internal report or

professional journal. Top management scanning tends to be irregular rather

than systematic (Fahey, King, and Narayanan, 1981). An examination of formal

and informal informamtion media is a prerequisite to developing normative

findings about how organizations and chief executives can achieve effective

scannitig.

Theoretical Background and Hypotheses

En.vi-ronmental Sctors and Strategic Uncertainty

The environment was defined by Duncan (92) as the relevant physical and

social factors outside the boundary of an organization that are taken into

consideration during organizational decision making. Initial research treated

the environment as a single entity (Duncan, 1972; Tung, 1979). Recent studies

have decomposed the environment into sectors, each of which may have distinct

influence on organizational actions (lambrick, 1979, 1982; Bourgeois, 1980:

B-11] ton, l nds;my, Frank] in, ind Rue, 1982; Brown and 11t trback, 1985).

The environment can be conceptualized as having several sectors that

oxll In tw we 1;ly,,rs (RBn rirgvnois, 1980). The lay(er closest to tht, orgran i Ai -i on..

is the task environment which Includ(s sectors that have direct impact ,.

.7- -L -



organizational actions. The task environment influences day-to-day

organliz.tional operations and goal atta1.nmont and Includes sectors si ch ;vi

competitors, suppliers, and customers. The outer layer is called the general

environment and refers to sectors that affect all organizations about equally

and do not have differential impact on the operations and goal attainment of

organizations. The general environment often includes social, demographic,

political, and economic sectors.

Sectors in the task and general environments influence scanning and other

organizational activities because these sectors differ in uncertainty.

1'z'rvcdl C)IViI'o1?;, ,)1.ai uncertainty is the absence of information about

organizations, activities, and events in the environment (luber, 1984).

Uncertainty means that managers cannot predict events, and they are unclear

:1)0,1L [he probable success of organizational actions. Two vnvironlmentl "-

characteristics, complexity and rate of change, influence perceived

uncertainty (Duncan, 1972; Jurkovich, 1974; Tung, 1979). Conpl7ex ty is the

viumber of external (,vents that influence the organization. i or' o. 4c:n.q-

refers to the pace, turbulence, and unpredictability of external events

(Child, 1972). As complexity and rate of change in environmental sectors

increases, the amount of uncertainty perceived by top managers also increases

( .l a)72) . C :ttr uncertatnty increases the nced for Information

h,-cause, the risk of failure is greater and it is more difficult to compute

potential costs and successes associated with decision alternatives.

Environmental sectors also differ in their pePV'1...., .',.porte:,: e for

or),n.ini at i ionI performance (Aaker, 1983). Importance is related t,) the notion

of strategic contingency, which is the extent to which events directly

lil Lun'nct the attainment of organizational goals (Pfeffer, 1981; Daft, 1986;

llickson, Ifinings, Lee, Schneck, and Pennings, 1971). Information from

'C; * -
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important sectors may provide strategic advantage (Dutton and Freedman, 1984).

In a low importance sector, activities and events hardly affect the
r.

organization's performance. In a high importance sector, events are perceived

to be directly linked to operations and performance. For an emerging company

in the personal computer industry, the technological sector would be

considered strategically important because of the pace of technological

(Ievel opm,ns. For med ical , banking and airline industries, the ?gul atory

sector has become increasingly important as the government has issud new I.

regulations or rescinded old regulations. Top managers will tend to direct

their attention to environmental sectors that are perceived to be

strategically importont for organizational performance (Boulton, et al.,

1982).

Unctcrtainty ;id importance are expected to differ across environm'ni "-

sectors. Uncertainty and importance together create what we will call

strategic uncertainty" for top managers. The combination of perceivod

ulct.rtainty and importance is expected to generate a need to learn about-

eveunts in environmonta! sectors. The information need is expected to h .

greater for sectors in the task environment than for sectors in the .eineral

cnV roont . Ti' task environmneat is expected to chl:i go more rapidly, Lo he

complex, and to be perceived as more important. Customers' tastes chI115 ,'

CompttItive Strate 'ies change, and the organization must respond quickly to

tiipredictable events. Government policy or social demographics may gradual ly

affect the organizat ion, but: a large number of cuistom,,rs and competitors mav

at i .ct performainice on a day-to-day basis. The first re;search hyporthis i

Ihoit peroeived sector dift e n'oes."-

Jm

j_ .yt otht'" is ... " Sectors in the task cy i rouinmeht ca te..

i>.,,..; ,iL- (-.- -.,.1 -;...................................................-...-............--.-.... ...-.....- ".-



greater perceived strategic uncertainty for top executives

than sectors in the general environment. 
t

Scanning Behavior

Executives can learn about the environment in several ways. They may

scan the environment directly or learn from others in the organization. They

may increase or decrease the frequency with which they scan, and they may

select among information modes or channels. Scanning frequency is the number

of times executives receive data about the environment (Hambrick, 1981; Farh,

Hoffman and llegarty, 1984). Scanning mode pertains to the source or medium

through which executives learn about the environment. Mode is derived from

Aguilar's (19b7) designation of information sources as personal, impersonal,

internal or external..

Scanni ngj fretncy. Research into manager scanning behavior suggests

thatr frequency of scanning indicates amount of information obtained aboit the

environment (Hambrick, 1982). Managers may gather a large or small amount of

data about environmental sectors. For example, Aguilar (1967) found that some

managers were relatively passive and simply "viewed" the environment while

oth!,r managers actively "searched" for desired information. Fahey and King

(1977) argued that managers could receive information along a continuum from

irregular to continuous gathering. Depending on the nature of the environment

,xetcuLives may process data irregularly or continuously depending upon the

.ie ,'ived need for dat:i about txternal events.

Managers are extremely busy, and they have limited capacity for

information search (Cyert and March, 196.3; Hambrick, 1981). Should they scan

* al sectors equally or focus narrowly on specific sectors? We expect that

. frequency of scanning wi.ll differ by sector and will be related to str;atogic

* uncertainty. The reason is that strategic uncertainty reflects the strategic

+ + - + % " • - + -• - .- * . . . . . . . . ... . ." . o • " . + %." . . * " . . . . -, . " . . . S ," * -. * . . .
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value of information for organizational performance. Hence executives will

more frequently receive data about strategically uncertain sectors.

Hypothesis I proposed that perceived strategic uncertainty would be greater In.

the task environment. Chief executive response to sector differences is

hypothesized as follows.

LyL pothe s is2: Top exc('ut Lve SC annn ig frequency will d(iffer
across sectors and will have a positive relationship with

sector strategic uncertainty.

Scanning mode. Previous research also indicates that senior executives

use different information modes to learn about the environment. The

distinction used here is between personal and impersonal sources of

information and whether information comes from sources external or internal to

the organization (Aguilar, 1967; Culnan, 1983). Personal sources refer to

direct human contact as typified by face-to-face and telephone media.

Impersonal sources are written, and include formal reports, newspapers, survey

results, and the output of management informition systems. Personal versus

impersonal is analogous to the human versus documentary sources described by

Kcl ils and Schoderbek (1973).

A puzzl1ementL in the literature is whether personal or impersonal sources

are better suited for interpreting an uncertain environment, personal sources

ol information have been found important to executives (Keegan, 1974), and arl-

consistent with the informal, irregular scanning that typifies many

orginizations (Fahey and King, 1977; Thomas, 1980). On the other hind, the

ubi lily to codens, a broad base of data into written form could make

Itmpesonala sources us.ful for environmelnta] sc,nning . Recent research int,

managerial information processing suggests that pursonal sources of

..................................................................................,.---..".
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information are richer than written sources (Daft and Lengel, 1984, 1986;

* lHolland, Stead, and Leibrock, 1976). Face-to-face and telephone information

exchanges provide multiple cues and allow for rapid feedback, thereby

facilitating understanding. Top managers deal with ambiguous, ill-defined

events so that multiple cues and rapid feedback are needed to resolve

ambiguity. Several studies found that task uncertainty was associated with

more frequent face-to-face communication and group meetings (Van de Ven,

Delbecq, and Koenig, 1976; Holland, et al., 1976; Daft and Lengel, 1986). The

explanation for source selection is that communication modes fit the

communication content. Personal, face-to-face communications are preferred

, when events are unclear and managers need feedback and extended discussion.

Personal communications are content rich and enable executives to detect weak
N.

signals (Ansoff, 1975). Impersonal sources are appropriate when environmental

events are discrete and analyzable. Thus the dilemma between formal and

informal information sources may reflect different communication requirements.

When strategic uncertainty is high, personal sources may provide the direct

.ndorstamnding needed by senior executives to interpret equivocal issues

(Weick, 1979). This explanation is represented in the third hypothesis.

vYothht'sls 3: I'ercelvud sLrtLcgLc uncertajinty In
environmntal sectors will be positively associated with use
of personal sources and negatively associated with use of -'
Imp',rsolml sources of Information about the environmnet.

The oLher distinction in sources identified by Aguilar (1967) and culnan 4.

(1983) is whether scanning information originates internal or external to the

. firm. Internal Information pertains to data, reports, memos, or discussions

*- with internal managers and employees about the external environment. External

sourcos in'lude personal tours, telephone discussions with peers in other

"tn - I - I .
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companies, trade magazines, newspapers, information services, and attendancet

at association meetings. Since other people within the organization also scan

the environment, top executives might be inclined to use both external and

Internal sources for information. However, as strategic uncertainty

increases, it is expected that senior executives will want to form their

impression through direct contact with environmental sectors. irec t contact

will mean that (tat a are undiluted and do not suffer from the loss of mani rlig

associated with passing information through intermediaries. Moreover,

research indicates that internal information tends to be distorted as it is "

passed up the hierarchy (Downs, 1966; O'Reilly, 1978; Roberts and O'Reilly,

1974). Internal sources will still be used when uncortainty is high, hcause

top managers may wish to discuss their interpretation with others. On

averlge, howver, sonior executives are expected to respond to strategic

uncertainty in the environment through direct external contacts In the

r ,.evant sector .

%

Hypothesis 4: Perceived strategic uncertainty in
environmental sectors will have a positive relationship with
the use of external sources and a neutral relationship with
the tse of internal sources of scanning information.

The hypothesized relationships between perceived uncertainty and th,-

scanning behavior of chief executives is illustrated in Figure 1. Sector

complexity and rate of change lead to perceived sector uncertainty. Sctor

urueortainty comb med with perceived sector finportance create strateg ic

uncertainty for the chief executive. We expect that strategic uncert.nty

will he associated with both the frequency and mode ot scanning, as refl ctcd

in greater frequency and greater use of personal and external Information

sorr.,,; . Sector.-; chiracterized as having low strategic uncerta iuty -ir4-

...................-.. i.......-..-.-.-..-......."..........-"."..-"....".-.-....."..)..".. . . .i.. ... i."... ... .'-. .. '
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hypothesized to be associated with infrequent scanning and greater use of

impersonal sources of information.

Figure I about here

--

The final hypothesis pertains to expected CEO scanning patterns between

high and low performing organizations. If the logic underlying the Figure 1

model is correct, the relationships should be observed in high performing more

than in low performing firms. For example, a study of 21 U.K. companies

revealed that financial performance was strongly correlated with the use of

intormal channels of communication and was modestly correlated with the number

of information items used (Grinyer and Norburn, 1975). Informally acquired

information often triggered performance reviews. In these firms, performance

was not correlated with the use of formal channels of communication. Despite

this evidence, it would not be accurate to claim that scanning leads directly

to company performance because performance is caused by a number of factors

(1Hirsch, 1975; Kanter and Brinkerhoff, 1981; Hambrick, 1983; White and

lamtermesh, 1981). H1owever, by comparing high and low performing firms, it may

be possible to determine which scanning style Is used in better performing

companies. Firms that are consistently profitable over a period of time may

haive made more accurate interpretations of the environment, and hence the firm

may be in alignment with the environment. Comparing firm performance could

provide evidence about the nature, focus, and sources most appropriate for

chief executives to acquire information about the environment.

Hypothesis 5: The relationships in Hypotheses 2 through 5
will be stronger in high performing than in low performing
organizations.

-. -- -.'.* -.-. ' ''. . - -
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In sunmary, our theory is that the environment can be broken into sectors

thaI have different levels of strategic uncertainty for chief executives.

Strategic uncertainty will he associated with greater scanning frequency and

with differences in personal, impersonal, internal and external information

sources because of the need for accurate understanding and content rich data.

Top managers are hypothesized to direct their scanning toward the uncertain

sectors and to use sources that provide a better picture of the environment.

The scanning patterns also will be compared to organizational performance.

Research Method
*9;

Sample Selection

Sample selection was designed to Include firms for which environmont;l,

sectors could be clearly defined. The sample also needed to include firms for

which performance could be measured. These criteria lead to the selection of

medium-sized, single business manufacturing companies. A single business

means the company has a defined task environment, which is not the case when

the company is responsible for multiple businesses operating in multiple

environments. Moreover, the selected firms were independent businesses, so

scanning behavior would be the result of environmental forces rather than the

policy of a parent corporation. The final criterion was that the companies be

large enough to have the structural and behavioral characteristics of

established organizations rather than of new entrepreneurial firms.

All firms fitting these criteria were drawn from the Directory of Texas

Manufacturers. Seventy-three firms were selected for possible inclusion in

the study. The seventy-three firms were contacted, and fifty agreed to

participate in the research. The final sample included fifty small to

" . " "". .' ."",'"" . -" - - -,. 9""" - . . . . . . .... . -.""" . -" " '-. . -"', -""" "" "- ,."""" ." . "' .""" . ""Y, ."".""' . 2 " ", " "." ". " ".
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medium-sized manufacturing firms with annual sales ranging from $2 million to

$500 million, with a mean of $65 million. The number of employees ranged from

100 to 6,000. The sample firms included 29 four-digit SIC groups and 11

two-digit SIC groups. The firms were located in the geographical areas of

Houston, San Antonio, Dallas, and Fort Worth, and there were very few direct

competitors. Example firms included lamo Steel Co., Blue Bell Creameries,

Brandom Kitchens, Lufkin Industries, Otis Engineering, Plantation Foods,

Rochester Gauges, and Tracor Aerospace.

Data Collection

Interviews. The data were collected through personal interviews with the

chief executives in their offices. The focus of the research was on chief

executive scanning, not scanning for the organization as a whole. The

personal interview enabled the interviewer to explain the study to the

respondent, answer questions, and to ensure that the respondent understood the

questions. Of the fifty interviews, forty-one were with the chief exccitiiv-

officer of the firm. Of the remaining nine interviews, two were with

manufacturing vice presidents, three were with executive vice presidents, and

four were with senior vice presidents designated by the president to have,

g i'Ieral Imanag mont responsibility.

Variables. The interviews were the primary source of data to mnasure the

environment and scanning variables. Questions were tested and revised through

a series of pilot interviews with executives not included in the final sample.

The final interview format included three parts.

I. The executive was given a chart that illustrated the six

('1lvironment;al sectors of customer, competition, technological, regulatory,

economic and socio-cultural. The executive was also given a written

.... .. ....
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definition of each environmental sector which was read aloud and explained by J.

the interviewer. The list of sector definitions is in the Appendix.

2. After the executive understood the six sectors, he was asked to *. =

answer questions about the complexity, rate of change, and importance of each

sector. These responses were measured on five-point Likert scales. For

example, the concept of change was defined and the respondent assessed the

perceived "rdte of change" in each sector. Assessing six sectors

simultaneously enabled the executive to compare sectors and distinguish rates

of change among them. The change question as it appeared on the qest tonn.l re

is as follows.

The next question pertains to the amount of change taking place in each
environmental sector. Change means the extent to which the important
c 'lpanles, agencies, problems, trends, issues, or opportunities ch;nge
over time in your company's external environment. A low rate of ch:inge
means things stay about the same from year to year, and a high rate of
change means things change quickly and unpredictably from year to year.
Based upon the same 5-point scale, how would you rate the change of each

environmental sector?

Rate of Change

Low High

a. Competition sector 1 2 3 4 5

b. Customer sector 1 2 3 4 5

c. Technological sector 1 2 3 4 5

d. Rei1atory sector 1 2 3 4 5

e. Economic sector 1 2 3 4 5

1. Socio-cultural sector 1 2 3 4 5

3. Sc; nning was measured using frequency questions similar to those

developed by Hambrick (1982) and Culnan (1983) and validated by Farh, |loffman,

and Ilegarty (1984). The questions distinguished between internal vs. external

*..f*.-.*- *..... ._...... ......... <.......... .. :..:...: ... ... ;........_..,...,..... .,......>..,.,-,....... ,,.:.-'...,
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sources and personal vs. impersonal (written) sources. The executive was

given examples of information from each source, and then was asked to indicatO

whether useful information was received about each sector on a daily, weekly,

monthly, or less frequent basis. For example, the question for externul

written information is as follows.

WRIT'TEN SOURCES OUTSIDE THE COMPANY

Written sources of information from outside your cOm1pany include oiuch

things as trade magazines, newsletters, newspapers (o.g., Wall Street
jooirial), government reports, books, information services, and tlh like.

Using the following scale, would you tell us how often you generally

receive useful information from external written sources? We stress

useful information to mean that it helps you understand the envitonument
and plan company actions. Material you receive and do not use should [not

be 'ou.nteld. From external written sources, then, how often do you
gener:ily recc ive useful in formation?

Written External Sources

Few Times Less than

Daily Weekly Monthly a Year Once a Year

a. Competition sector 1 2 3 4 5

5. C ;t omer sector 1 2 3 4 5

*C. Technol ogi cIt sector 1 2 3 4 5

d. Regulatory se tor 1 2 3 4

e. Economic sector 1 2 3 4 5

t. Socio-cultural sector 1 2 3 4 '

An odditionail v;,riabl, to he operationalized for the Figure I md.ll is

strategic unce rtatI ty." Strategic uncertainty is a combination of rate ot

Ih, i 011, , '1 tYi y' , Aind in juor t;l n ie f oveO ts in eich sctor. Com ) ,x i t y .0iiI

ra 1, ot c h i, hige ve it rdi i onnl lv been combined a s an i ndicator of

Invironmental tunnrrtinty (Duncan, 1972; Tung, 1919). In this study, tint

variable of sector "importance" is combined with -uncertainty" as a predictor



of the need for information impinging upon the chief executive. ImporLance

-i
.11nd ulnc'erainty were combined with equaL weight. a iinindicitor of perceived

strategic uncertainLy. The following formula was used to construct the score

for the strategic uncertainty variable for each environmental sector.

SU I(C + R), where SU = strategic uncertainty

I sector importance

C = sector complexity

R = sector rate of change

C + R = uncertainty.

Data analysis. Data analysis involved several statistical procedures.

Tihe simple means and rank order for each uncertainty and scanning

characteristic was computed for each of the six sectors. Scheffe's multiple

range test was calculated to determine statistically significant differences

across sectors for each variable. Next, Pearson correlations were computed

between the major independent and dependent variables. Major environmental

and scanning differences occur across sectors, so sectors were treated as the

nnit of analysis (N = 300, six sectors for fifty organizations) for part of

the analysis. Missing values reduced the size of the sample to 294. The

later part of the analysis compared successful and unsuccessful firms and was

based on the N = 50 firms.

lc rtormance. Profitability was the measure of perforimince. Th, exact

m'asure w.Is rclturn on total assets (ROA). ROA was selected as the most.

consistent measure of profitability across the variety of m:Inufacturing fit.ns

in the study. The calculation for ROA is: ROA = net income after taxes

liv idd by total as;sets. ROA was averaged for Lhtree, yeirs, 1981 throlgh 1981,

to decrease the chance of a one year aberration influencing results. ROA had

an average correlation from year to year of .62 (p < .001). The ROA data were-

--., -'-" " . ..-".--- ." '.," ... • - .."- ?.., ? .-..-.-. ',.-.'.-....-.......-.................-...........,....,....-.............. .: ..



self reported. Most Of the firms were privately or closely held, so

profitability data were not publicly available. Dess and Robinson (1984)

found that where objective, public data was not avai lable, reports by mnirtngers

were very reliable. The senior manager reported profitability oil thlt

following scale:

1981 1982 1983

Return onl Total. Assets (ROA F

1. 20% or more

2. 16% to 19.9% __ ___

3. 12% to 15.9% __

4. 8% to 11.9% __ __

S. 4% to 7.9"/

6. 0% to 3.9% __

7. -3.9% to 0% _____

8. -4.0% or le~ss ___

Res ul1ts5

Profile of Sector and Scanning Characteristics-

The profile of sector characteristics and scanning modes are repurt i ina

Taibe I1-I. Thel( mean scores in Table 1 are based onl tive-Point Li kert sw

* thAt range from I (very low) to 5 (very high). The ranks in Table. I indicalte

statistically significant differences between sectors. For exa:mpI., it

c tors iare rainked I atnd 2, t he sec Lot ranked 1has a s taitis t tvalI ly

;)Igolf I icant i ghetr me.-in scorec thain sec tor 2..
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Table I about here
--- -- --- -- --

The mean scores and ranks in Table 1 suggest several points. First,

customer and competitor sectors are perceived to be most important, followed

by economic. Regulatory and socio-cultural sectors are least important.

Second, the customer sector is most complex, probably because of a largo

numb,, of customers, followed by economic and competitor sectors. Third, rate

,. of change In the economic sector is greatest, followed by customer and

competitor sectors. Although the economic sector is coUsidered to be part of

the general environment, it was having substantial impact on chief executives

in I 11h s, fifty mantifacturing companies. On average, the oconomic sector was

r;m kid .j Just he hiid ctiiSIomers and competitors III tel'-ns of sector

characterlst. i cs .

With respect to scanning modes, personal external, personal internal, and

written internal are all ranked first for the customer sector. All throe

sc nning modes are used more frequently than for any other sector. The

written internal mode is ranked first for scanning of the economic sector,

perhaps because most data about the economy come in the form of published

reports. rhe soclo-cultural sector was ranked lowest for aLl four scanning

1'1w profiles in Table 1 indicate major differences in perceived sector

,characteristtcs and in chief executive scanning of the sectors. These

litt,,.ic',.. provide the background for testing the hypotheses.

lvp,,thcsis 1. The first hypothesis predicted that disaggregating the

civiimiment into sectors would show that the task environment created more

sYtrar.gi'c ,ncert.,inty than the general environment. Strategic uncertainty for
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the chlief vxecutiv was defined as the combination of sector importance,

compIeuxity, and r;ILe of change. P'erceived strategic unIi:.,rL.itnty across the

six sectors are reported in Table 2.

Table 2 about here

Based on Scheffe's multiple range test at the .05 significance level, the

Table 2 data indicate that each sector presents a diffet-it level of strategic

uncertainty. The sectors in decreasing order of strategic uncertainty are

customer, economic, competitor, technological, regulatory, and socio-cultural. 
0-

The mean score for each sector is statistically different from all other

sectors.

Hypothesis I about task versus general environment sectors is mostly

supported. Two of the top three strategically uncertain sectors--customer,

comptitor--are in the task environment. The economic sector, normally

considered a part of the general environment, is ranked second in strategic

uncertainty. For this sample of manufacturing firms, the economic sector was

especially salient to chief executives. Several years of economic changes had

bven witnessed prior to 1984, so the uncertainty and importance attached to

cconomic conditions were high.

"lle technological sector, which was considered part of the task

environment for manufacturing firms, is ranked fourth. The technological

gector was important, but had less strategic uncertainty than customer,

economic and competitor sectors. The regulatory and socio-cultural sector had

minor uncertainty for these firms. These organizations were not tightly

regulated at the local, state, or federal level, nor were soclo-cultural

changes having direct impact on them.

. :,: "-" '". . . - - : -- ''' - . ' . " . .'." . ." : . ', . , . . , . --- : ''' ..- "''",'' -'" ''r':''' ." ''''



Table 2: Difference Among Sectors for Strategic Uncertainty.

Scanning Stimulus Mean Sector a. b. c. d. e. f.

3.4 a. G'istomer (task)* * * * *

2.8 b. Economic (general)* * *

26C. Competitor (task) * *

1.8 d. Technological (task)* *

1.2 e. Regulatory (general)

1.0 f. Socio-Cultural (general)

The mean scores were divided by 10 to recapture original scale.

Note: Asterisks denotes significant difference between sectors at .05 level baised oil
Scheffe's multiple range test.
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H yp pthesis 2. The second hypothesis suggested that frequency of scanning

by top managers would differ across sectors and would have a positive

a*sskcIlatlutn with perceived strategic uncertainty. This hypothesis was tested

L11 tWO ways. First, scanning differences across sectors is reported In Table

3, where the mean scanning frequency score for each sector is in the first

coltmn. Table 3 shows some significant differences in the pattern of scanning

frequency across sectors, according to Scheffe's multiple range test. The

differences that are not significant are regulatory versus socio-cultural, and

economic versus competitor sectors. The customer sector is scanned most

frequenLly, followed by the economic and competitor sectors. The rank order

setquence in Table 3 is exactly the same as the sequence in Table 2. The more

frequently scanned sectors are where strategic uncertainty is higher.

The second test of Hypothesis 2 was to compute a correlation coefficient

between the strategic uncertainty scores and scanning frequency for all

scanning modes. The correlation coefficient between total scanning frequency

and strategic uncertainty across the sectors is .58, which is significant

beyond the .001 level. This finding supports Hypothesis 2 and indicates that

strategic uncertainty is a good predictor of the frequency with which t1,vp

executives scan sectors.

--------------------------

Table 3 about her,'

Hypotheses 3 and 4. Hypotheses 3 and 4 predicted that as strategic

uncertainty in the environment increased, senior executives would rely mor.

heavily on personal sources than on impersonal, written sources, and on

external rather than internal sources. The data concerning these sources were.

collected in four modes.

• s .. _ . . -" -- •• ." .- " "-"/ "r , : ,¢ "•. ". . ,". .., .- "• .,". J . "-, ." '- ,' " % . .' .% .. . .% -K-7%•'
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Table 3: Differences Among Sectors for Scanning Frequency. P

Scanning Frequency Mean Sector a. b. c. d. e. t.

3.56 a. Customer (task) * * * *-*

3.35 b. Economic (general) * * *

3.34 c. Competitor (task) * * *

2.65 d. Technological (task) * *

2.16 e. Regulatory (general)

1.98 f. Socio-Cultural (general)

Note: Asterisks denotes significant difference between sectors at .05 level based on

Sch ff['s multiple range test.

A%.9K
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1. Written external sources (Wall Street Journal, trade magazines,

information services).

2. Written internal sources (special studies, reports, memos, MIS).

3. Personal external contacts (business associates, officials,

cus tomers, trips).

4. Personal internal contacts (subordinates, salesmen, staff people). .

In addition, four new variables were created to reflect exclusively

written, personal, external, and internal sources. These four variables

overlap the four variables above, but enable a specific test of Hypotheses 3

and 4. -

1. All written = (written external + written internal)/2

2. All personal - (personal internal + personal external)/2

3. All external (written external + personal exLernal)/2

4. All internal (written internal + personal internal)/2

The correlations between strategic uncertainty and each scanning mode,

the significance level, and the rank of correlation are reported in Table 4.

The primary finding in Table 4 is that all correlations are positive and

statistically significant. This means that every scanning mode is used more

frequently when strategic uncertainty is high. When secLors are uncertain the

acquisition of information by top executives is greater through all modes.

Table 4 about here --

The first part of Hypothesis 3, that personal sources would be used more

as strategic uncertainty increased, receives support. In Table 4, the highest

*- correlation (r = .55) is between personal contacts and strategic uncertainty.

SiThe higher the ,uncertainty in environmenta] sectors, the more frequently top

S.,



Table 4: Correlation Coefficients Between Strategic
Uncertainty and Frequency of Scanning Modes.

Sector Strategic Uncertainty

Frequency of
Scanning Mode Correlation Coefficient Rank of Correlatlim

Written external .41** 7

Written internal *37** 8

Personal internal .5** 2

Personal external .49**.1 5

6All written .48** 6)

All personal .55**tI

All external .51** 4

li nter::nal is t::**i 3

KAl I IMdO 5*

**=significant at.0 lel

t =all personal issaitclygreater than all written (.05 > p < 1)

= personal internal and personal external are statistically greater than
written internal and written external (p < .05).

%p

%~
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executives rely on personal contacts both within and outside the organization.

The second part of Hypothesis 3, that written sources would be negatively

correlated with strategic uncertainty, is rejected. The frequency of scanning

via all sources increases with perceived strategic uncertainty. However,

personal sources have slightly higher correlations with strategic uncertainty

than written sources. Frequency of written sources does not increase as

rapidly with strategic uncertainty, partially supporting the idea that

personal sources are preferred when strategic uncertainty is high. The

lowest correlation is for written internal (r = .37), which implies that its

use does not increase as rapidly as strategic uncertainty increases.

Hypothesis 4 predicted that external sources would have a positive

correlation and internal sources a neutral correlation with strategic

uncertainty. The later part of this hypothesis is rejected. The correlation

for internal sources (r .53) and external (r = .53) are identical. SenLor

m;,nagers reLied as munch on internal discussions with employees and internal

reports as they did on external media or personal contacts.

In sum, the tise of both written and personal sources of scanning by

chief executives increases as information need increas;es, but some shift to

personal sources seems to occur, which provides modest support for Hypothesis

3. There is no difference in the use of internal and external sources,

although both arv used more frequently as strategic tLicertainty Increases.

11ypothesis 5. The final hypothesis stated that chief executives in firms

*c!assltied as high performing will show stronger predicted relationships for

Hypotheses 2, 3 and 4 than will executives in lower performing firms. High

performing firms are those that reported an average three year ROA of 9

percent or greater; low performing firms reported an ROA of less than 9

* jr(,nt . Nine percent was chosen because it Is the median ROA for firms in

". ,"",f "" . . " , ¢ '.". , , . ". ". -. . .,". ..-. ... " "". . ". ",..,"..- . ' , . ' ." .,' " '.-,.'' .- -,,.''" , '..-.'""" ,.
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the sample. Table 5 reports the correlation between strategic uncertainty and

scanning frequency by firm performance.

The data in Table 5 suggest three patterns. First, correlations between

strategic uncertainty and all modes are positive for both high and low

performing firms. All chief executives in the sample report receive

information more frequently when perceived uncertainty is high. Second, high

performing firms show consistently higher correlations between strategic

uncertainty and scanning frequency for each mode than do low performing firms.

Several of these differences are statistically significant. The higher

correlations mean that CEOs tailor scanning more closely to perceived

uncertainty. Scanning efforts are focused more directly on areas of strategic

uncertainty and information need.

Table 5 about here

The third pattern in Table 5 is the somewhat higher correlations for

personal modes compared to written modes, especially for firms classified as

high performing. For example, the strongest correlation is personal contacts

(r = .62) and the second strongest is personal internal (r = .61), and these

('fictents are significantly higher than for low performing firin;. 'lh'

lowest correlations for both high and low performing firms are written modes.

Of course all modes are pcsitively correlated with strategic uncertainty, but

in hiigh performing firms chief executives increase scanning through ill mod.s

.,; strategic iincertainty Increases and the increase tends to b0 greater for

pls-"om .m thall written sources.

The tinal test of Hypothesis 5 examines the extent to which chie-

executives in hig!h versus low performing organizations scan each sector.

%..*. . . . .... *i.* . . .

. . . . . . . . . . . . .



Table 5: Correlation Coefficients Between Strategic Uncertainty and Frtquency

of Scanning Modes for Iligh and Low Performing Companies.

Sector Strategic Uncertainty

Iigh Performing Low Performing,
Companies Companies ,,.

Freqiency of Correlation Correlation

Scanning Mode Coefficient Rank Coefficient Rank

Written external .45 (7) .35 (7)

Written internal .43 (8) .32 (8)

Personal internal .61**t (2) .46 (4)

Personal external .55*t (5) .42 (5)

All written .54* (6) .42 (6)

All personal .62**t (1) .47t (I)

AIL external .57 (4) .47 (2)

All internal .60** (3) .46 (3)

All Modes .64** .51

All correlation coefficients significant at .0001 level.

** Coefficient is statistically greater than for low performing firms (z-score,

p < .05).
* Coefficient is statistically greater than for low performing firms (z-score,

.05 < p < .10).
t I Pursonal sources statistically greater than written sources in same column

(.01 < p < .10).

. ..
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Tables 2 and 3 showed that for all fifty companies, perceived strategic

uncertainty and total scanning frequency were rated highest to lowest for the

following sectors: customer, economic, competitor, technological, reggulatory,

and socio-cultural. TabLe 6 amplifies those findings by reporting 1he

correlation coce [' lnts between strategic uncertainty and scanning within

each sector for each information mode. The correlations indicate tie, -,xteni

to which CEOs tailor scanning frequency for each sector to perceived

uncertainty.

Table 6 about here

The prominent finding in Table 6 is that high performing firms show

consistently stronger correlations between strategic uncertainty and scanning

frequency in each sector than do chief executives in low performing firms.

Low performing firms show only six correlations significant at the .05 level

or higher, while high performing firms show sixteen correlations that ;ire

statistically significant. This suggests that CEOs in high performing fir m

La I [or scaInning i reqiency to perceived uncertai nty wit hi n each sector.

Apparently scanning behavior is not fixed on any sector, but varies with

perceived uncertainty and need for information. The lower correlations for

Low performing Lirms do not mean that chief executives do not scan each

sector, but that scanning behavior does not vary with strategic uncet.-aitV to

the same degree.

Th S'cond p.itLrn in Table 6 is the sectors showing the st rongest

orrela ions;. For fi rms classified as low performing, tlhe technolo)ry secter

sliow.s a sigiti cait correlation through all four modes, Iol lowcd by LI,

regulatory sector in three modes. This means that chiet executives t-ailor
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Tabie 6: Correlations Between Strategic Uncertainty and Frequency of Scanning .

for each Sector, by High and Low Performing Companies.

Strategic ncertainty

High Performing Low Performing

N S 25 N 24

Scanning Mode Sector r p r p)

Competitor .39** .053 .00 .92
Customer .49** .014 .g .70

External Sources Technological .56** .003 .45** .028

Regulatory .35* .09 .36* .082
Economic •43** .033 1 .16 469
Socio-Cultural .59"* .002 .12 .571

Competi tor .36* .073 .07 .762

Customer .06 .773 .16 .462

ltoersnat Sources Technological .45** .023 .41* .048

Regulatory .54** .005 .47** .020
Economic .45** .022 .27 .204

SSocio-Cul tural .53** .006 .03 .475

Competitor .37* .065 .10 .630
Customer .19 .371 .13 .556

erson.tl Sources Technological .46** .024 .3* .065

I.gulatory .65"* .on( .26 .217

Economic .47* .017 .04 .851
Socio-Cultural .53"* .007 _ .16 .462-

.-1

."Compet itor .33* .1]07 n- .•938

Customer .34* .096 .29 •.162

Wrilttn Sotirce(s Technolog ical .54"* .005 .47* .n20

R4 .',. l t I) ry •12 .50f) .'(* . )12'

K, o I ,, -o II I k. a ./ ,, *.€, W k A1. A1 .:(If I

-I11 .- I I -1 :
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scanning to perceived uncertainty in technology, followed by government

regulation. Chief executives in high performing firms aiso show positive

correlations in the technology and regulatory sectors. in addition, they show

strong correlations through all media for the competition, economic, and

socio-cultural sectors. The breadth of scanning is greater in the high

performing firms with chief executives acquiring information in respon-,o to

strategic uncertainty in all sectors. Chief executives in high performing

firms seem to have a broader information base. Their external intelligncen

acquires information about perceived strategic uncertainty in the general

environment is well as in the task environment. The breadth of scanning

combined with the tailoring of scanning frequency to strategic uncertainty in

every sector characterizes the scanning of CEOs in high performing

manntiacturing t irms.

Discussion

The external environment is a significant contingency for organizations

(Duncan, 1972; "tung, 1979; Daft, 1986). The purpose of this study w.is to

examine, the mnen8s through which the environment is scanned and interpre.ted by

k cif exexeutI Ves. The research project gathered data to accomplish th .e

outcomes: (1) document whether systematic differences exist in strat, gic

uncertainty across sectors in the task and general environment; (2) determine.

Wh le her perceived stratcgic unce rtainty is correlated with the freque n.y (f-

CEO scanning and with the use of personal/written and external/internal modus
S.%

()t information gathering; and (3) assess whether chief executives in Iig h A,"

hcrt,ri n)g t i irms show di fferent scanning patterns than ClEOs in low prIot iiiit) nin

t i rrns.

-7 -., ...
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Environmental Characteristics and Scanning

'he interpretation of the data with respect to environmental

characterisrics is as follows: Je,;to2', ,iffj' , tcio!.1  :J. 71 c" i. '

Al .~ U.z '?-Orlatt Oreatcd- for oho c~tzeand t-aok:oV;~un;

.:, 'to ' 12 1- !':.TT. ;'a g7reat(:, st2atc4io ZiLOCItUZHt?,; thu, t'.,,oro u / ],

,'u.'Pa/ env 12'0?tLet. Strategic uncertainty is a combination of perceived

change, complexity, and importance. The customer sector rated highest, and

the economic sector, generally considered part of the general environment,

rated second in strategic uncertainty. The competition sector was rated

third. Technology, regulatory, and socio-cultural sectors were ranked fourth,

fifth and sixth. This finding reinforces research by Hambrick (1981, 1982),

-nnd Brown and Utterback (1985) who adopted a sector approach in their studies

of tht. environment. Earlier studies treated the environment as a single

entity, and used a single score of uncertainty. In light of increasing

e vidence about the diversity of external environments, a single environmental

score may not be a useful way to understand how the envi ronment influences

or)',;1iz;t iona I actions.

The, second finding about the environment is: x., t . ) . .. , :.,J f.

*': ", '.'.:/< ',, ,.rtai. i p'o~a m;t.'r, w h ,rca tr ,,oau ' / . .. cy E;r' r, 7

literature on organizational information processing states that nonroutine and

'ncertain tasks require greater information processing (Culnan, 1983; Daft and

Macintosh, 1981; Tushman and Nadler, 1978; Galbraith, 1973). The frequency of

scanning in this study reflects a greater amount of information processed for

uncertain sectors. Moreover, the greater scanning of sectors such as customer

ld ooom)ic are through all media. Chief executives acquire information in

ways that reflect strategic differences in sectors. Chief executives do not

7 -7
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have equal information about all sectors because information is gathered where

uncertainty is greatest.

The increased use of all modes suggests that chief executives use

multiple sources to interpret the environment. Written and personal sources

may complement one another to give a better view of an uncertain environment.

Personal sources are important because their richness enables subtle signals

to be detected (Daft and Lengel, 1984). Written media are important because

tangible data can be gathered and communicated about discrete events. The

increasing preference for personal modes as uncertainty increases reflects the

inability to acquire hard data when events are rapidly changing and unclear

(Weick, 1986).

Scanning and Performance 
-

The findings from the comparison of high and low performing manufacturing

firms suggests the following interpretation: cT'] , x'e a ,n ,c rm:- ,

Executives in high performing firms reported more frequent information through

all media when strategic uncertainty is high. Scanning flexibility was

rfliccted in ilt t a ltoring of scinning through all modes to perceived

uncertainty in each sector. Executives from lower performing firms had

correlations between strategic uncertainty and frequency of scanning in the

technology sector, and to some extent in the regulatory sector. For

ex'cutives iln high performing companies, however, positive correlattons also

ihl iiuded compe titors, customers, the economy, and sOuelo-cultural sectors. ka

Executives in higher performing companies did not have a limited scanning

bplot tern .".
:d,'.
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The broad scanning base for executives in high performing firms was

unexpected. While greater scanning occurred for all executives in the task

sectors, a distinctive feature in high performing firms was the CEO's response-

to sectors in the general environment. The significance of this finding may

be that successful chief executives do not form their impressions based

strictly on narrow task environment issues. They might miss opportunities,

trends, problems, and other issues that could provide input for incremental

adjustments in strategy. Scanning in the successful firms suggests broad

information that incorporates intangible and less well understood sectors such

as socto-cultural that may contain weak signals about future developmnts.

Understanding the entire environment, and learning about uncertainties across

all sectors, may provide a richer information display for the incremental

decisions needed for strategy formulation.

Summaryand Implications

In summary, chief executives have limited information capacity, and

organizatLions have limited resources. Resources devoted to environmental

:;c.1tli ,g can ho focused on sectors where strategic unct-rLatity is gra l.,, t.

For this sample of manufacturing firms, the sectors receiving more scanning

wLre ctistomor, economic, and competitor. Perhaps more important, execut ives

in high performing firms tailored scanning to perceived strategic uncertainty

in all sectors. The implication is that scanning systems should not be locked

into continuous data on limited sectors of the environment. Management

I nbormlu(tion systems Lend to provide periodic information of a repetitive
So

nature. Repetitive data may be valuable for perceiving stable elements in

L isk sectors (Hedberg, 1981; Hedberg and jonsson, 1978). However, the

ex-ctutives in successful firms maintained information flexibility. They used

......................................................



28 .
all sources to receive information so that greater information inputs were

from areas of greater strategic concern. Chief executives in successful firms

were flexible enough to pick up cues from the general environment when these N,

sectors had strategic relevance for the organization.

The second implication pertains to the debate about whether formal versus

informal sources of information provide better input to the organizational

planning process (Rhyne, 1985; Fahey, et al., 1981). The data from these

executives suggest that both personal and written sources are valued, and that

both internal and external sources are used. Most important, the use of all

sources increased as strategic uncertainty increased, suggesting that multiple

sources are the appropriate information system for chief executives. Written

sources provide systematic, periodic data that can show trends and provide

other relevant facts. Written sources were especially important for the

economic sector. Personal sources provide a view of intangible aspects of the ,

environment that may be filtered out by written media (Daft and luber, 1986).

Thus designers of information systems should not try to provide all

information through formal systems. The best view of the environment seems to

come from multiple information sources.

To the extent that an organization strategy is incremental (Quinn, 190), 

and reflects gradual organizational learning about the environment, hits a1d 1

pieces ot information from diverse sources can be assembled to provide cues to

chief executives about the environment. Perhaps future research can go

further to reveal the detailed linkage between strategic uncertainty,

scanning, and strategic adjustments. Gradually unraveling the seq,,ence of

activities ;issocl;ited with scannin, and interpretaion i ot tile miv ironmel In.ly y

provide a stronger normative basis for saying how organizat ions can be

;.-.............................,.."..................'..,..................... "..... "..;....?.".....".' , -. ",-., ."i_",i -I
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designed to increase company performance in light of strAtegic and

Pnvironmental contingencies.
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APPENDIX: SECTOR DEFINITIONS

ENV I RONMENT

This part of the study is concerned with how you monitor and learn about

things in the company's external environment. By the external environment we

mean all the factors and phenomena that exist outside your company. In this

study, we have divided the external environment into six sectors, as

illustrated on Chart 1.

(I) THE COMPETITION SECTOR. This sector includes the firms and products that
compete with your companies' products, and companies that make substitute

products. It also refers to competitive tactics and actions between your

firm aid the other competing firms in this industry.

(2) THE CUSTOMER SECTOR. This sector refers to those companies or
individuals that purchase the products made by your company. Customers

include companies that acquire your products for resale, as well as final

consumers.

(3) THE TECHNOLOGICAL SECTOR. This sector includes the development of new
production techniques and methods, innovation in materials and produltLs,
and general trends in research and science relevant to your company.

(4) THE REGULATORY SECTOR. This sector includes federal and state
legislation and regulations, city or community policies, and political

developments at all levels of government.

(5) THE ECONOMIC SECTOR. This sector includes economic factors such as stock
markets, rate of inflation, foreign trade balance, federal and state

budgets, interest rates, unemployment, and economic growth rate.

(6) THE SOCIO-CULTURAL SECTOR. This sector comprises social values in the
general population, the work ethic, and demographic trends such as in

increasing number of women in the work force.

The purpose of the following questions is to determine the profile of

each environmental sector. We would like to know how you would rate the
importance, complexity, and rate of change of each sector in your company's

external environment.

. %



30

Re f e rences

Aaker, David A., "Organizing a Strategic inturmatLou Scanning System," %
California Management Review, 25, No. 2 (January 1983), pp. 76-83. ,

Aguilar, Francis Joseph, Scanning the Business Environment, New York:
MacMillan Co., 1967.

Ansoff, H. Igor, "Managing Strategic Surprise by Response to Weak Signals,"
California Management Review, 18, No. 2 (Winter 1975), pp. 21-33.

Ansoff, H. Igor, Strategic Management, Hong Kong: MacMillan, 1979.

Boulton, William R., Lindsay, William M., Franklin, Stephen G., and Rue,
Leslie W., "Strategic Planning: Determining the Impact of Environmental
Characteristics and Uncertainty," Academy of Management Journal, 25 (1982),
pp. 500-509.

Bourgeois, L. J., "Strategy and Environment: A Conceptual Integration,"

Academy of Management Review, 5 (1980), pp. 25-39.

Brown, James W. and James M. Utterback, "Uncertainty and Technical
Communication Patterns," Management Science, 31 (1985), pp. 301-311.

Burns, Tom and G. M. Stalker, The Management of Tnnovation, London:
Tavistock, 1961.

Child, John, "Organizational Structure, Environment, and Performance - The
Role of Strategic Choice," Sociology, Vol. 6 (1972), pp. 1-22.

Cutnan, Mary J., "Environmental Scanning: The Effects of Task Complexity and
Source Accessibility on Information Gathering Behavior," Decision Sciences, 14
(1983), pp. 194-206.

Cyert, Richard M., and James G. March, A Behavioral Theory of the Firm,
Englewood Cliffs, NJ: Prentice-Hall, 1963.

Daft, Richard L., Organization Theory and Design, St. Paul, MN: West, 1986.

Dait, Richard L. and George Huber, "How Organizations Learn: A Communication
Framework," in S. Bacharach and Nancy DiTomaso, (eds.), Research in Sociology
of Organizations, Vol. 5, 1987 (in press).

Daft, Richard L. and Robert H. Lengel, "Organizational Information
Requirements, Media Richness and Structural Design," Management Science, 32
(May 1986), in press.

Daft, R. L. and Lengel, R. H., "Information Richness: A New Approach to
Manager Information Processing and Organization Design," in B. Staw and L. L.
Cummings, eds., Research in Organizational Behavior, (1984), pp. 191-233.

D.aft, Richard L. and Norman B. Macintosh, "A Tentative Exploration into the
Amount and Equivocality of Information Processing in Organizational Work
Units," Administrative Science Quarterly, 26 (1981), pp. 207-224.

-7, ,k2-



II

.+ ....

ILI N,- IF.

Daft, Richard L. and Karl E. Weick, "Toward a Model of Organizations as

Interpretation Systems," Academy of Management Review, Vol. 9 (1984), pp.

284-295.

Dess, Gregory C. and Robinson, Richard B., Jr., "Measuring Organizational

Performance in the Absence of Objective Measure," S rategic Management

journal, Vol. 5, No. 3 (1984), pp. 265-273.

Downs, A., Inside Bureaucracy, Boston, MA: Little, Brown, 1960.

Duncan, Robert B., "Characteristics of Organizational Environments and

Perceived Environmental Uncertainty," Administrative Science QuartelLJ, 17

(1972), pp. 313-327.

Dutton, John M. and Richard D. Freedman, "Uncertainty and Firms' Strategic
Behaviors," Working Paper, New York University, 1984.

Fahey, Liam, King, William R., and V. K. Narayanan, "Environmental Scanning

and Forecasting in Strategic Planning--The State of the Art," Long Range
Planning, 14, No. 1 (1981), pp. 32-39.

Fahey, Liam and King, William R., "Environmental Scanning for Corporatv

Planning," Business Horizons, August 1977, pp. 61-71.

Farh, Jiing-Lih, Richard C. Hoffman, and W. Harvey Hegarty, "Assessing

Environmental Scanning at the Subunit Level: A Multitrait-Multimethod
Analysis," Decision Sciences, 15 (1984), pp. 197-220.

Galbraith, Jay R., Designing Complex Organizations, Reading, MA: Addison-
Wesley, 1973.

Grinyer, P. H., and D. Norburn, "Planning for Existing Markets: Perceptions

of Executives and Financial Performance," Journal of the Research Statistical

Society A, 138, Part 1 (1975), pp. 70-97.

Hnnbrick, Donald C., "Environment, Strategy, and Power Within Top Manogemente"
Teams," Administrative Science Quarterly, 26 (1981a), pp. 253-275.

Itambrick, Donald C., "Specialization of Environmental Scanning Activities
Among Upper Level Executives," Journal of Manag.ement Studies, 18 (1981b), pp.

299-320.

lambrick, Donald C., "Environmental Scanning and Organizational Strategy,"
St rategic Management Journal, 3 (1982), pp. 159-174.

Iambrick, Donald C. , "Igh Profit Strategies In Mature Capital Goods

IndtLust ri es: A Contingency Approach," Academy of Mnitr.gment: lourn;l I , Vol 26,

No. 4 (1983), pp. 87-107.

Ih'dhorg, B L. T., "flow Organi zations Learn and E le,irn,' in Nystrm, r. C.
and Starbuck, W. H., (eds.), Handbook of Organizatiooal Design, Vol. I , New
York: Oxford University Press, 1981, pp. 3-27. "'

.--... ,'..".

- .- . . . . . . .. . . . ... '-..--..--... -



32

ledberg, Bo L. T. and Sten A. Jonsson, "Designing Semi-Confusing Information
Systems for Organizations in Changing Environments," Accounting, Organizations
and Society, 3 (1978), pp. 47-64.

Iickson, D. J., C. R. Hinings, C. A. Lee, R. E. Schneck, and J. M. Pennings,
"A Strategic Contingencies Theory of Intraorganizational Power,"
Administrative Science Quarterly, 16 (1971), pp. 216-229.

Hirsch, Paul M., "Organizational Effectiveness and the lnstitutional
Environment," Administrative Science Quarterly, 20 (1975), pp. 327-344.

lofer, C. W. and D. Schendel, Strategy Formulation: AnalyLical Conceprs, St.
Pai : West Publishing, 1978.

Holland, W. E., Stead, B. A., and Leibrock, R. C., "Information Channel/Source
Selection as a Correlate of Technical Uncertainty in a Research and
Development Organization," IEEE Transactions on Engineering Management, 23
(1976), pp. 163-167.

Huber, George P., "The Nature and Design of Post-Industrial Organizations,"
Management Science, 30 (1984), pp. 928-951.

Jin, S. C., "Environmental Scanning in U.S. Corporat ions," Long Range
Planning, (April 1984), pp. 117-128.

,Javidan, Mansour, "The Impact of Environmental Uncertainty on Long-Range
Planning Practices of the U.S. Savings and Loan Industry," Strategic '

Managemen t Journal, 5 (1984), pp. 381-392.

Jemison, David B., "The Importance of Boundary Spanning Roles in Strategic
Decision-Making," Journal of Management Studies, 21, No. 2 (1984), pp. 131-152.

Jurkovich, Ray, "A Cure Typology of Organizational Environments,"
Administrative Science Quarterly, 19 (1974), pp. 380-394.

Kinter, Rosabeth Moss and Derick Brinkerhoff, "Organizational Performance:
RV'C'nt Developments in Measure," Annual Review of Sociology, 7 (1981), pp.
321-349.

K'egan, W. J., "Multinational Scanning: A Study of the Information Sources
Utilized by Headquarters' Executives in Multinational Companies,"
Administrative Science Quarterly, 19 (1974), pp. 411-421. _4

Kefalas, Asterias and Schoderbek, Peter P., "Scanning the Business
Environment," Decision Sciences, 4 (1973), pp. 63-74.

Kotter, John p., "What Effective General Managers Really Do," Harvard Business
Review, (November-December, 1982), pp. 156-167.

Lawrnt'Ce, Paul R. and Jay W. Lorsch, Organizations and Environment, Homewood,
IL: Irwin, 1969.

lengel, K. H. and Daft, R. L., "An Exploratory Aalysis of the Relationship

" - - ' .' *. , • • .4i



33

Between Media Richness and Managerial Information Processing," Working Paper,

Texas A&M University, 1984.

Lindsay, W. M. and L. W. Rue, "Impact of the Organization Environment on the

Long-Range Planning Process: A Contingency View," Academy of Management
Journal, 23 (1980), pp. 385-404.

Meyer, Alan D., "Adapting to Environmental Jolts," Administrative Science

Quarterly, 17 (1979), pp. 313-327.

Miles, Robert H., Coffin Nails and Corporate Strategies, Englewood Cliffs, NJ:

Prentice-Hall, 1982.

Mintzberg, H., The Nature of Managerial Work, New York: Harper and Row, 1973.

O'Reilly, Charles A., "The Intentional Distortion of Information in

Organizational Communications: A Laboratory and Field Approach," Human

Relations, 31 (1978), pp. 173-193.

Pfeffer, .7effrey, Power and Organizations, Marshfield, MA: Pitman, 1981.

Pfeffer, J. and G. R. Salancik, The External Control of Organizations, New

York: Harper and Row, 1978.

Preble, John F., "Corporate Use of Environmental Scanning," Michigan Business

Review, 30, No. 5 (1978), pp. 12-17.

Quinn, James B., "Managing Strategies Incrementally," in Robert Lamb (ed.),

Competitive Strategic Management, Prentice-Hall, 1984, pp. 35-61.

Rhyne, Lawrence C., "The Relationship of Information Usage Characteristics to

Planning System Sophistication: An Empirical Examination," Strategic
Management Journal, 6 (1985), pp. 319-337.

Ritvo, Roger A., Paul Salipante, Jr., and William W. Notz, "Environmental

Scanning and Problem Recognition by Governing Boards: The Response of
Hospitals to Declining Birth Rates," Human Relations, 32, No. 3 (1979), pp.

227-235.

Roberts, Karlene H. and Charles A. O'Reilly, "Failures in Upward

Communications in Organizations: Three Possible Culprits," Academy of
Management Journal, 17 (1974), pp. 205-215.

Thomas, Philip S., "Environmcntal Scanning--The State of the Art," Long Range

Planning, 13 (February 1980), pp. 20-28.

Tung, Rosalie L., "Dimensions of Organizational Environments: An Exploratory

Study of Their Impact on Organization Structure," Academy of Managent
Journal, 22 (1979), pp. 672-693.

Ttishman, Michael L., "Special Boundary Roles in Ihe I naovaLion Proces:;,"

Administrative Science Quarterly, 22 (1977), pp. 587-605.

Tushman, Michael and David A. Nadler, "An Information Processing Approach to

t k).% _ I



OrgantizaLional D~es.ign," Academy of Management Review) 3, No. 3 (1978), Pp).0

613-624. 0.

Vani de V'n , A. 11., j)elhccq , A. L. , and Koenig, R. , Jr., "DcLermflnnL-, of

Coordination Modes Within Organizat ions," American Sociological Review, Vol. A

41 (1976), pp. 322-338.

Weick, Karl E., The Social Psychology of organizing, Reading, MA: Addison-

Wesley, 1979.

White, Roderick E. and Richard G. Hamermesh, "Toward a Model of Business Unit

Performance: An Integrative Approach," Academy of Management Review, Vol. 6,

No. 2 (1981), pp. 213-223.

7'



LI1ST 1
MANNDATORY V

Defense Technical Information Center (12 copies)
ATTN: DTIC DDA-2
Selection and Preliminary Cataloging Section
Cair;cron Station
Alexandria, VA 22314

Library of Congress
Science and Technology Division
Washington, D.C. 20540

Office of Naval Research (3 copies)
Code 4420E
800 N. Quincy Street
Arlington, VA 22217

Naval Research Laboratory (6 copies)
Code 2627

Iinuiton, D.C. 20375

(Iffice of Naval Research
Director, Technolugy Programs
Code M~0
,10() N. Quincy Strect
\i 'ngton, VA 22217

Ps yc holog is t
Office of Naval Research

-2 t ichnient, Pasadena
1030 East Green Street
Pasadena, CA 91106



LI1ST 2
OPNAV

Dteputy Chlef of Naval Operat ions
(!hIi pow r , 1c r ~;enne , and Tralin ing) IIr

lleoi 1, Res ea rch, Devel1opment , and
Studes Branch (0p-01B7)

182Arlinlgton Annex
Wa~liiigton, DC 20350

D I iec or

F Civi I ian Personnel Divi sion (01"-14)

1,803 Ar i ngton Annex
VIj!,hfiinton, DC 20350

Doput y Chief of Naval Operations
(Manpower, Personnel, and Training)

Di rector, Iluwan Resource Managcment Division

D0 1 ;IIittlent Of the Navy
VWi:;hiiington, DC 20350

Chi ef of Nava-l OpraliuIS
liad, Manpower, Pers;otnne, Training

and Rcserves Team (Op- 9 6 4 0 )
liii' Penltagon, 4A478
IWa;li ngton * DC 20350

Chief of Naval Operations
A.5;i;Lzant , Perrsonnel Logistics

Planning (Op-9871i)
The P4.nt ;1ion. * 51)72
W:islingtofl, DC 20350



LIST 3
*NAVMAT & NPRDC

NAVMAT

Program Administrator for Kinpowcr, MANPOWER REPORTS ONLY
Personnel, and Training
MAT-.0722
800 N. Quincy Street
Arlington, VA 22217

* Naval Material Command

Management Training Center

NAVMAT 09M32
Jefferson Plaza, Bldg #2, Rm 150
1421 Jefferson Davis Highway
Arlington, VA 20360

Naval Material Command
Director, Productivity Management Office
MAT- 00K
Crystal Plaza #5

* Room 632
Washington, DC 20360

Naval Material Command
* Deputy Chief of Naval Material, MAT-03

Crystal Plaza #5
% Room 236
*Washington, DC 20360

*Naval Personnel R&D Center (4 copies)
Technical Director
Director, Manpower & Personnel

Laboratory, Code 06
Director, System Laboratory, Code 07
D)irector, Ftiture Technology, Code 04

* San Diego, CA 92152-6800

* Navy Personnel R&D Center
* Washington Support Office

Ballston Tower #3, Room 171
ArlIngton, VA 22203-1923
E



11,,

LIST 4
MEDICAL

Naval Hospital
Psychology Departmnent
San Diego, CA 92134

Comanding Officer V
Naval Submarine Medical

Research Laboratory
Naval Submarine Base
New London, Box 900
Groton, CT 06349

Commanding Officer
Naval Aerospace Medical

Research Lab
Naval Air Station
Pensacola, FL 32508

Naval Medical R&D Command
Program Manager for Human

Performance (Code 404)
National Naval Mledical Center
Bethesda, MD 20014

Wilkins Biomedical Library
Naval Health Research Center
P.O. Box 85122
Sail Diego, CA 92138-9174



LIST 5
NAVAL ACADEMY AND NAVAL POSTGRADUATE SCIIOOL

Naval Postgraduate School (3 copies)

. ATTN: Chairman, Dept. of
Administrative Science

Department of Administrative Sciences

Monterey, CA 93940

U.S. Naval Academy
ATTN: Chairman, Department

of Leadership and Law

Stop 7-B
Annapolis, MD 21402

Superintendent
ATTN: Director of Research

Naval Academy, U.S.

Annapolis, MD 21402

- .* * * .* .. *. - . * - -. *. .--,*- -.- .'. . ~ - *



LIST 6
HRH

Commanding Officer
Organizational Effectiveness Center
Naval Training Center
San Diego, CA 92133-9000

Commanding Officer
Organizational Effectiveness Center
Naval Submarine Base New London
P.O. Box 81
Groton, CT 06349

Commanding Officer
Organizational Effectiveness Center
Naval Air Station
Mayport, FL 32228

Commanding Officer
Organizational Effectiveness Center
Pearl Harbor, HI 96860

Commanding Officer
Organizational Effectiveness Center
Naval Base (Bldg. NH-46)
Charleston, SC 29408

Commanding Officer
Leadership & Organizational Effectiveness

-' School
Naval Air Station Memphis
Millington, TN 38054-5099

Commanding Officer
Organizational Effectiveness Center
1300 Wilson Boulevard, rm 114A8
Arlington, VA 22209



Commanding Officer
Organizational Effectiveness Center
5621-23 Tidewater Drive
Norfolk, VA 23509

Commander
Organizational Effectiveness Center
5621 Tidewater Drive
Norfolk, VA 23509

Commanding Officer
Organizational Effectiveness Center
Naval Air Station Wkidbey Island
Oak Harbor, WA 98278-9000

Commanding Officer

Organizational Effectiveness Center
Box 23
FPO New York 09510

Commanding Officer
Organizational Effectiveness Center
Box 60
FPO San Francisco 96651

Commanding Officer
Organizational Effectiveness System, Pacific
Pearl Harbor, HI 96860

Commanding Officer
Organizational Effectiveness System, Atlantic
5621 Tidewater Drive
Norfolk, VA 23509

Commanding Officer
U.S. Navy Organizational Effectiveness System, Europe
FPO New York 09510

Commanding Officer
U.S. Navy Organizational Effectiveness Center
Box 4
FPO Seattle 98762-2920

.°-



TV-Vw -a WC Q. .w d W-.Tw w z

LIST 7 ~
NAVY MI SCELLANEOUS ~

Naval Military Personnel Command (2 copies)
HRM Department (NMIPC-6)
Washington, DC 20350

Dr. Ann O'K'eefe
Naval Military Personnel Command
(MNPC- 6Q)
Washington, DC 20350

Commander
Naval Training Equipment Center
(Code I - Resource Center)
Orlando, FL 32813

Com~manding Officer
ATTN: TIC, Bldg. 2068
Naval Training Equipment Center
Orlando, FL 32813

Chief of Naval Education & Training (N-22)
Naval Air Station
Pensacola, FL 32508

(Chief of Naval Technical Training
ATTN: Code Dl7
NAS Memphis (75)
Millington, TN 38D54

Navy Recruiting Command
Director, Recruiting Advertising Dept.
Code 43
801 North Randolph Street
Arlington, VA 22203

Naval Weapons Center
Code 094
China Lake, CA 93555

A,



*11 - .. , . . . . . . . . . ... -.

LIST 8
USMC

Headquarters, U.S. Marine Corps
Code MPI-20
Washington, DC 20380

Headquarters, U.S. Marine Corps
ATTN: Scientific Adviser,

Code RD-i
Washington, DC 20380

Director
Education Center (E 032B)
MGDEC
Quantico, VA 22134-5050

Commanding Officer
Education Center (E031)
MCDEC
Quantico, VA 22134

K-irine Corps Command and
Staff College

Education Center
Quantico, VA 22134



[.I

LIST 9
OTHER FEDERAL GOVERNMENT

Defense Advanced Research
Projects Agency

Director, Cybernetics

Technology Office
1400 Wilson Blvd, Rm 625
Arlington, VA 22209

Professor Douglas E. Hunter
Defense Intelligence School
Washington, DC 20374-6111

Dr. Brian Usilaner
GAO
Washington, DC 20548

School Management Unit
National Institute of Education
1200 19th Street, N.W.
Mail Stop 17
Washington, DC 20208

National Institute of Mental Health
Division of Extramural Research Programs
5600 Fishers Lane
Rockville, MD 20852

Information Analyst
Center for Studies of Minority Group

Mental Health
Parklawn Building, Rm 11-94
5600 Fishers Lane
Rockville, MD 20857

Chief, Personnel Policy Analysis Branch
U.S. Coast Guard (G-P-1/2)
Washington, D.C. 20593

Social and Developmental Psychology
Program

National Science Foundation
Washington, D.C. 20550

w 2m.



r

Dr. Earl Potter
Department of Economics & Management
U.S. Coast Guard Academy

New London, CT 06320

Division of Industrial Science

& Technological Innovation

Productivity Improvement Research
National Science Foundation

.1 Washington, D.C. 20550

Douglas B. Blackburn, Director
National Defense University

Mobilization Concepts Development
Center

Washington, D.C. 20319

Chairman, Dept. of Medical Psychology
School of Medicine
Uniformed Services University of

the Health Sciences

430] Jones Bridge Road

Bethesda, MD 20814

d5'

N

"4 . . " " " " " ' " - . . . . . " . " . " . ' . - . € - . - . - . ' , , '; - "; . ' . , , . . , ' x " , . . , , . . . " ' . • . " , ' ,



LIST 10
ARMY

Headquarters, FORSCOM S

4 - ATTN: AFPR-HR Ltc. Sellards
Ft. McPherson, CA 30330

Army Research Institute
Field Unit - Ft. Leavenworth
P.O. Box 290 k
Leavenworth, TX 66048

Technical Director (3 copies)
Army Research Institute
5001 Eisenhower Avenue
Alexandria, VA 22333

Head, Department of Behavior
Science and Leadership

*U.S. Military Academy, New York 10996

LTC. Frederick J. Manning :
* Deputy Director

D~ivision of Neuropsychiatry
Walter Reed Army Institute
Waishington, DC 20307-5100

Army Military Personnel Command
-'Attn: DAPC-OE
* 200 Stovall Street

Alexandria, VA 22322

Army Research Institute
Attn: PERI-SF (Mr. Dennis Leedom)
5001 Eisenhower Avenue
Alexandria, VA 22333

Commandant
* USA OECS

Attn: ATXWI-R.MA-S
Ford Ord, CA 93941-7300



i LIST 1 1
AIR FORCE

Air University Library

LSE 76-443
Maxwell AFB, AL 36112

Head, Department of Behavioral

Science and Leadership

U.S. Air Force Academy, CO 80840

Major Robert Gregory

USAFA/DFBL

U.S.A.F. Academy

Colorado Springs, CO 80840-5941

A. R. Fregley
AFOSR/NL
Building 410

Bolling Air Force Base

Washington, DC 20332-6448

Technical Director
AFHRL/MO (T)
Brooks AFB

San Antonio, TX 78235

AFMPC/MPCYPR
Randolph AFB, TX 78150

%

. . °



LIST 12
MISCELLANEOUS

Austral]an Embassy
Office of the Air Attache (S3B)
1601 Massachusetts Avenue, N.W.

Washington, D.C. 20036

British Embassy
Scientific Information Office
Room 615
3100 Massachusetts Avenue NW

Washington, DC 20008

Canadian Defense Liaison Staff,
Washington

ATTN: CDRD
2450 Massachusetts Avenue, N.W.
Washington, DC 20008

Conmandant, Royal Military
College of Canada
ATTN: Department of Military
Leadership and Management
Kingston, Ontario K7L 2W3

National Defense Headquarters
ATTN: DPSRSC
Ottawa, Ontario KIA OK2

'L...

1.'.

V.°

- -°'..--



Sequential by Principal Investigator
4LIST 13

CURRENT CONTRACTORS °

Dr. Clayton P. Alderfer r
Yale University
School of Organization and Management
New Haven, Connecticut 06520

Dr. Janet L. Barnes-Farrell
* Department of Psychology

University of Hawaii
2430 Campus Road
Honolulu, HI 96822

Dr. Jomills Braddock
John Hopkins University
Center for the Social Organization

of Schools
3505 N. Charles Street
Baltimore, MD 21218

Dr. Sara Yogev
Northwestern University
Graduate School of Management
2001 Sheridan Road
Evanston, IL 60201

.4 i

-- Dr. Terry Connolly
University of Arizona
Department of Psychology, Rm. 312
Tucson, AZ 85721

Dr. Richard Daft

Texas A&M University
Department of Management
College Station, TX 77843

Dr. Randy Dunham
University of Wisconsin
Graduate School of Business

Madison, WI 53706

4%

....... . . . . . . . . . . . . . . . . .

o-



List 13 (continued) 
. ..

Dr. J. Richard lackman
School of Organization

and Management
Box IA, Yale University
New Haven, CT 06520

Dr. Wayne Holder
American Humane Association
P.O. Box 1266
Denver, CO 80201

Dr. Daniel Ilgen
Department of Psychology
Michigan State University
East Lansing, MI 48824

Dr. David Johnson
Professor, Educational Psychology
178 Pillsbury Drive, S.E.
University of Minnesota

Minneapolis, MN 55455

Dr. Dan Landis
The University of Mississippi

College of Liberal Arts

University, MS 38677

Dr. Frank J. Landy
The Pennsylvania State University
Department of Psychology
417 Bruce V. Moore Building
University Park, PA 16802

Dr. Bibb Latane
The University of North Carolina

at Chapel Hill
Manning Hall 026A
Chapel ill, NC 27514

Dr. Cynthia D. Fisher

College of Business Administration
Texas A&M University
College Station, TX 77843

.7



Dr. Thomas M. Ostrom
The Ohio State University
De'p.rtment of Psychoiogy
116E Stadium
404C West 17th Avenue
Columbus, OH 43210

Dr. William G. Ouchi
University of California,

Los Angeles
Graduate School of Management
Los Angeles, CA 90024

Dr. Robert Rice
State University of New York at Buffalo
Department of Psychology
Buffalo, NY 14226

Dr. Benjamin Schneider
Department of Psychology
Uuiversity of Maryland
College Park, MD 20742

Dr. H. Wallace Sinaiko
Program Director, Manpower Research

and Advisory Services
Smithsonian Institution
801 N. Pitt Street, Suite 120
Alexandria, VA 22314

Dr. Eliot Smith
Psychology Department
Purdue University
West Lafayette, IN 47907

Dr. Barbara Saboda
Pubolic Applied Systems Division
V.stinghouse Electric Corporation
P.O. Box 866
Columbia, MD 21044

Dr. Harry C. Triandis
Department of Psychology
University of Illinois
Champaign, IL 61820



Dr. Anne S. Tsui
r)ke University
The Fuqua School of Business
Durham, NC 27706

Dr. Andrew H. Van de Ven
University of Minnesota

Office of Research Administration

1919 University Avenue
St. Paul, MN 55104

Dr. Sabra Woolley
SRA Corporation

901 South Highland Street
Arlington, VA 22204

Dr. Eduardo Salas

Human Factors Division (Code 712)
Navy Training Systems Center

Orlando, FL 32813-7100

I.



- .. - .. '-..~.M-- - -

SI ~

4

h~

~

~m~II.$4

L

'S.

~ 5-

5* .IS#

-

'b.~ h2

~

.S.

5.,...-

p

* *5*5

- . . ~,.55.*** * .~..***5 ~

5...


